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Abstract
A search for neutral Higgs bosons of the Minimal Supersymmetric Standard Model is
performed using 217 pb−1 of ALEPH data collected at energies up to 209GeV in 2000. No
evidence for MSSM Higgs boson production is observed. Based on these results, we conclude
mh > 89.6GeV/c
2 and mA > 90.0GeV/c
2 at 95% confidence level.
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1 Introduction
The Higgs sector of the Minimal Supersymmetric Standard Model (MSSM) includes the neutral
CP-even bosons h and H, the neutral CP-odd boson A, and the charged bosons H+ and H−.
The published ALEPH Higgs searches [1] are sensitive to production of single MSSM Higgs bosons
via Higgs-strahlung, but h and A may also be produced at LEP2 via associated pair production. Two
additional searches are therefore combined with the Higgs-strahlung specific searches to efficiently
select the final states hA! bb¯bb¯ and hA! bb¯τ+τ−.
2 Results of dedicated searches for hA production
ALEPH collected 217 pb−1 of data at energies between 200 and 209 GeV in 2000. The analysis of
the data in the associated pair production searches is identical to that of the previously described
ALEPH hA search [2].
Analysis Signal Background Events
expected expected observed
hA (90-90) ZZ WW qq¯ Total
bb¯bb¯ 3.5 4.0 0.2 1.4 5.5 10
bb¯τ+τ− 0.6 2.2 0.6 0.2 3.0 3
Table 1: Number of expected and observed events for the two dedicated ALEPH searches for hA
associated pair production.
The numbers of events expected and observed in the two dedicated hA selections are summarized
in Table 1. Mass distributions of the two selections are shown in Fig. 1. The numerical excess in
the 4b channel is concentrated at low reconstructed mass and at mZ.
Two candidate events in the bb¯bb¯ final state are shown in Figs. 2 and 3. These two candidates
are also discussed in detail in [1].
The calculation of confidence levels proceeds as in [2]. Two discriminant variables are used in
the bb¯bb¯ channel, while only the reconstructed Higgs mass is used as a discriminant variable in the
bb¯τ+τ− analysis.
Production via the Higgs-strahlung diagram is proportional to sin2(β − α) due to the HZZ
coupling. The complementary hA production is proportional to cos2(β − α). The search results can
be combined with the Higgs-strahlung searches [1] and recast as a function of sin2(β − α), as shown
in Fig. 4.
3 Interpretation of results in the MSSM
Results from the ALEPH searches are also interpreted in two benchmark scenarios proposed in [3].
The first corresponds to the set of parameters which maximizes the allowed values of the h mass;
1
the second benchmark has no stop mixing. The interpretation of results in these two scenarios is
shown in Fig. 5.
In the maximum mh scenario, the limits on h and A masses are mh > 89.6 GeV/c
2 and
mA > 90.0 GeV/c
2. The median expected limits in the absence of signal are 91.7 and 92.1 GeV/c2,
respectively.
For the maximal mh benchmark, ALEPH excludes tanβ values between 0.7 and 2.2 at 95%
confidence level. For the no mixing benchmark, values between 0.5 and 6.0 are excluded.
4 Conclusion
The ALEPH search for neutral Higgs bosons of the MSSM has been updated using 217 pb−1 of data
collected in 2000. The negative search results allow limits to be placed on the h and A masses. The
observed limits at 95% confidence level are mh > 89.6 GeV/c
2 and mA > 90.0 GeV/c
2. Values of
tanβ between 0.7 and 2.2 are excluded in the maximal mh benchmark parameter set.
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Figure 1: Reconstructed mass distribution for the two dedicated analyses of the two final states bb¯bb¯
and bb¯τ+τ−. The bb¯bb¯ mass is defined as the sum of the two dijet masses, and the bb¯τ+τ− mass is
the bb¯ dijet mass after a constrained kinematic fit.
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Figure 2: Event display for run 56065, event 3253, a 4b four-jet candidate with reconstructed
mh+mA of 189.6 GeV/c
2.
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Figure 3: Event display for run 56698, event 7455, a 4b four-jet candidate with reconstructed
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Figure 4: Results from ALEPH Higgs searches as a function of sin2(β − α) and the h mass. Broadly
speaking, the MSSM neutral Higgs bosons are produced at LEP2 via Higgs-strahlung for high values
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Figure 5: Interpretations of ALEPH Higgs search results in two “benchmark” scenarios. At top, the
results are interpreted in the context of a parameter set which maximises the allowed values of the h
mass. At bottom, the results are interpreted in the context of a parameter set with no stop mixing.
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